Abstract
characterized. We measured greenhouse gases around Lake Erie in all four seasons and found 23 that CH 4 and N 2 O emissions have increased 10 times or more with re-eutrophication, especially 24 during and after phytoplankton blooms. Lake Erie is a positive source of CH 4 throughout the 25 entire year and around the entire lake, with the highest emissions in spring and summer near the 26 mouth of the Maumee River. While Lake Erie is an overall N 2 O source, it is an N 2 O sink in 27 winter throughout the lake and in some locations during large phytoplankton blooms. We 28 estimate that Lake Erie emits ~6300 metric tons of CH 4 -C yr -1 (± 19%) and ~600 metric tons 29 N 2 O-N yr -1 (± 37%): almost 500,000 metric tons CO 2 -eq yr -1 total. These results highlight the 30 gravity of eutrophication-related increases in large lake GHG emissions: an overlooked, but 31 potentially major feedback to global climate change.
32

Introduction
33
Lake Erie is one of Earth's largest eutrophic lakes, with a history of eutrophication linked to 34 decades of urban, agricultural, and industrial impacts (1) . The Great Lakes Water Quality 35 Agreement in 1972 reduced point source nutrient pollution and phytoplankton biomass (2) . 36 However, since the mid-1990s, Lake Erie has experienced "re-eutrophication", especially the 37 Western Basin, attributed to a rise in rainfall and non-point source fertilizer runoff from the 38 Maumee River watershed (2)(3). This has led to massive, sometimes toxic, phytoplankton 39 blooms, drinking water intake closures, and exacerbation of central basin hypoxia (3)(4)(5).
40
Climate change is implicated in water quality declines, as increased intensity and rates of 41 precipitation increases watershed nutrient and sediment inputs (6). 42 43 Lakes, rivers, and reservoirs play a major role in the global carbon cycle and greenhouse gas 44 emissions budgets (7-11). Inland waters are a major source of CH 4 globally, and anthropogenic 45 construction of reservoirs enhances this flux (12). Eutrophication leads to CH 4 and N 2 O evasion 46 from lakes (13)(14)(10), and eutrophication will increase in lake and coastal ecosystems as 47 runoff and agricultural activity increase globally (6)(15). The greenhouse gases CH 4 and N 2 O are 48 25 and 289 times more powerful than carbon dioxide (CO 2 ) over 100 year time scales, 49 respectively (16). Despite decades of research on nutrients and phytoplankton in the Great Lakes, 50 there is sparse research on GHGs in Lake Erie (17)(18) (19) (20) was pipetted into the sample for preservation. Samples were sealed with gray butyl rubber septa 104 and an aluminum crimp to minimize exposure to the atmosphere. greenhouse gas concentration is about 6% using headspace extraction in our laboratory (13,14). Table   264 S5) in the same area (Fig. 1) Carbon Dioxide -Carbon dioxide emission rates were only measured in August 2016, and all 280 fluxes were negative, reflecting high photosynthesis and/or low respiration (Fig 1) . Methane 281 oxidation contributes to the dissolved inorganic C pool. Methane is 13 C-depleted relative to CO 2
282
(44); we observed lower  13 C-DIC concentrations at sites with higher DIC and CH 4 283 concentrations in bottom waters throughout Lake Erie (Fig. 3, Table S6 ), indicating a greater 284 presence of DIC from CH 4 oxidation in samples with high DIC (Fig 3) . There was no difference 285 in δ 13 C-DIC in sites with and without gas wells, indicating biogenic CH 4 is the predominant 286 source of CH 4 in Lake Erie (Fig 3) , in contrast to our previous study (18). These data indicate Scaling Up -CH 4 and N 2 O emissions occur most in spring, summer, and fall in Lake Erie (Fig.   302 2), and most in the Western Basin (particularly for CH 4 ), corresponding with highest seasonal 303 phytoplankton biomass (May-October; (2) and estimates are also shown in Figure S1 . 
